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yom may continue your word search on Molecular Biology - Vectors by typing m your search criteria below or go 
oack to the MQlfiCuldcBWlfla^^-VCCSOranjenu ana begin a new search. To choose another collection, go back to the 
mam menu Dy clicking on "searcn catalogs" aoove. For complex searches, using boolean operators, tne following 
characters must be used: & (for ANDj, | (for OR). ~ {for AND NOT). An asterisk (*) is used as the wildcard. For 
more information please review the Search help. 



For query options, please read the search AfilR* 



Molecular Biology - Vectors 


ATCC Number; 




Designation: 


pXP2 


Depositors: 


S.K. Nordeen 


Vector: 


Polylinker sites: Bamhl Hindltl Sail Smal Kpnl SstI Xhol Bgill 

Cloning sires; BamHI Hindlll Sail Smal Kpnl SstI Xhol Bgill 

Markers; ampR 

Size (kb): 5.900 

vector type, piasmia 

Features: enhancer: none 

promoter; none 

replicon: pMBl 

marker(s): ampR 

terminator: none 

insert detection; luciferase 


Applications: 


shuttle vector 
promoter-cloning vector 

ruf a canoe nf 1 1 iriforacD v/a/TrirC ( ^TCC ^"7R"7^-"^~7 ^ fill's fnr 

uric or a senca di lucjperast: veL.tor=> ihiuw- j/j/t j/ jo7J jut 
fl^ayjng promoter arrjv/ity in mammalian ce|ls. [RF216Q] 


Descriptions: 


Restriction digests of the clone give the following sizes (Kb): 
BamHI-6.1; HindIII--6.i; SaiI-6.1; Smal~6.l; XhoI--6.i. 
There is cryptic promoter activity which may be more readily 
observed with weak promoters. Be careful to do all appropriate 
controls and map the transcripts. [IV45<H] 
This is a derivative of plasrmds patented by the University of 
California and is not to be used for commercial purposes without 
prior arrangement with the University of California. 


References; 


IV4541: Steven K- Nordeen , personal communication 
RF2160: Nordeen SK. uuciferase reporter gene vectors for analysis 
of promoters and enhancers. BioTechniques 6: 454-458, 1988 
PubMed: 90211866 

RF2161: de Wet JR et al. Firefly luciferease gene: Structure and 
expression in mammalian cells. Mol. Cell. Biol. 7: 725-737. 1987 
PubMed: 87144243 


Pr pagation; 


ATCC medium: 1227 LB Medium (ATCC medium 1065) with 50 



hnp-V/ptage.arcc.argfcg^^ 
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mcg/ml ampicillin 




Temperature: 37C 


BioSafety Level: 


l 


Shjpp d: 


freeze-dried Escherichia coli HBlOl ATCC 33694 


Price: 


?145.00 


Revised a 


Jap 03 f 2001 



Pricing Note: 

Prices are quoted m U.S. dollars ana apply Co all for-profit companies and all institutions outside the U.S. and 
Canada except tnose in Europe, Japan, Korea and Taiwan. Customers in Europe, Japan, Korea ana Taiwan muse 
contact their local distributors for pnemg information. A discount of 20% off hst price is offered to nonprofit 
institutions in the u S. and Canada for most cultures. 



Cultures special ordered as test tuDes, scabs or flasks, carry an additional laboratory fee of $75.00 each. Minimum 
invoicing is 00 Orders receiveq for lesser amounts will be invoiced at the minimum. Terms; Net 30 from date 
of mwoice. NO COP oraers or Letters of Credit accepted. ATCC Accepts VISA, MasterCara and American Express, 

Shipping Charges 

AH materials are shipped FO& Manassas, freight prepaid »ia carrier of our choice and added to your invoice. 
Packaging is extra. 



All aTCC fees for cultures ana services are subject to change without notice. 

Questions or Comments? 



Copyright © 2001 

American Type Culture Collection. 10801 university Boulevard, Manassas, vA 20110-2209 

aji ngnrs reservea. 



hup://phagc.atec.<^ 7/16/01 



Jul-27-OI 16:17 From-TOOCOCK JttBURN 33 



1Z1556BJ4J« 



CO 




you may continue your word search on Molecular Biology - vectors oy typing in your search cnceria &elow or go 
pack co che MPT pf M lar Biology - Ve ccpf ^ fpenu and pegm a new search To choose another collection, 90 pack to we 
mam menu by clicking on "search catalogs" apove. For complex searches, usmg boolean operators, the following 
characters must be used. & (for AND), | (for OR), * (for AND NOT) An asterisk (*) is used as the wildcard- For 
more info rmation please review the S earch Hejp. 

For query options, please read che SeardU*£l£- 



Molecular Biology - Vectors 


ATCC Number: 




Designation: 


pT109luc 


Depositors: 


S.K- Nordeen 


Vector; 


Palyhnker sites: BamHI Mindlll Sail Smal Kpnl SstI Xhol 

Cloning sites; Bglll 

Markers: ampR 

Size (kb): 6.099 

Vector type: plasmid 

Features: enhancer; none 

replicon: pMBl 

marker(s); ampR 

promoter; HSV TK 

terminator: none 


Applications; 


shuttle vector 
expression vector 

One of a series of luqferase vectors (Aicc ,$/d/4--3/3o4) tor 
assaying promor^r flcrivity jp msmmaiian cells. 


Descriptions; 


Restriction digests of the clone give the following sizes (kb); 
BamHI--6-6; HindIII-6.6; Sa|I~6.6. 

This contains bp -109 to +52 of the herpes simplex tk promoter; 

both GC + CCAAT are present. IRF216Q] 

There is cryptic promoter activity which may be more readily 

observed with weak promoters. Be careful to do all appropriate 

controls and map the transcripts. [tv4541J 

This is a derivative of plasmids patented by the University of 

California and is not to be used for commercial purposes without 

prior arrangement with the University of California. [IV4S4JJ 


References: 


IV4541; Steven K. Nordeen , personal communication 
RF2160: Nordeen SK. Luciferase reporter gene vectors for analysis 
of promoters and enhancers. BioTechniques 6: 454-458, 1988 
PubMed: 90211866 

RF2161: de Wet JR et al. Firefly luciferease gene; Structure and 
expression in mammalian cells, Mol. Cell. Biol. 7: 725-737, 1987 
PubMed: 87144243 
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Pr pagation: 


ATCC medium: 1227 LB Medium (ATCC medium 1Q65) with 50 
mcg/ml ampicillm 
Temperature: 37C 


BioSaf ty Level: 


l 


Shipped; 


freeze-dried Escherichia coli HB101 ATCC 33694 


Price: 


$145.00 


Revised ; 


Jan 03, 2001 



Pricing Note; 

Prices are quoted in U.S. dollars ana apply to all for-profit companies ano all institutions outside the U.S. and 
Canada except tnose m Europe, Japan, Korea and Taiwan. Customers in Europe, Japan, Korea and Taiwan muse 
contact their local fljsjcabutojs for pricing information. A discount or 20% off lis; price is offered to nonprofit 
institutions in the U.S. and Canada for most cultures. 



Cultures special ordered as test tuDes, scabs or fiasfcs, carry an addioonai laporacory fee of $75.00 eacn. Minimum 
invoicing is $45-00. Orders received for lesser amounts win pe invoiced at tne minimum. Terms: Net 30 from date 
of invoice. NO COD orders or Letrers of Credit accepted. ATCC Accepts VISA, MasterCard and American Express. 

Shipping Charges 

AM materials are snipped FOB Manassas, freight prepaid via carrier of our choice and added to your invoice. 
Packaging is extra. 



Ail ATCC fees for cultures and services are subject to change without notice. 

Questions Qr.ComcD£nss2 



Copyright © 200 J 

American Type Culture Collection, 1080X university Boulevard, Manassas, va 20110-2209 

All ngnts reserved. 
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Plasmids 

What Is a Plasmid? 

It, addition » the chromosome, burial cells often 
canwn plasmids. These DNa molecules are found » 
Bssentittlfyan type, of bacteria and, as we discuss below 
olav a signifies role in bacterial adaptation and 
Sarton f hey also serve a, import tools » srad.es of 
molecular biology. We address such uses later in the 
chapter, 

Plasmids which vary widely in size from a few Thousand 
» hundreds of thousands of base pair* la sue c0 *P a "* e 
" El of ihc bacterial chromosome), arc must often 
SrcSar molecules of double-stranded DNA However, 
some bacteria have linear plasmids (see Bo* 4 1), and 
P ™mids from bacteria can aecumula e 

sS-*anded DNA owing » aberrant rolling^ 
tepl.cat.on (discussed below). The number of copi«jd» 
varies among plasmas, and bacteria! cells can narbor 
more than one type Thus, a cell can harbor, tor example 
W a different types of plasmids, w.th hundreds ot cop.es 
7one pUsmid tV and only one copy of the other type. 

Like chromosomes, plasmids encode proteins and RNa 
molecules and replicate as me cell grows, and the 
££2 «pies are usually disputed mto each 
daughter cell when the cell divides. However, unlike 
chromosomes, plasmids generally do not encode 
factions essential to bacterial growth- They instead 
St gene products thai can benefit the bacterium 
under cenain cfrcumstances (see Table 4 1; Box 4.2). In 
tSTchapter well discuss the molecular has* for these and 
other features of plasmids. 

Naming Plasmids 

Before methods for physical detection of plasmids 
became available, plasmids made their presence known 
by conferring phenotypes on the cells harboring diem. 
Consequently, many plasmids were named utter the genes 
they carry- For example, Mactar plaids contain genes 
for resistance to several antibiotics (hence the name R for 
SiSnceJ These were the first plasmids discovered, 
when Shtgella and Escherichia coli strains res.stant to a 
number of anubiot.es were isolated from the fecal flora ot 
pTen" in Japan in the late 1950s. The ColEl plasnud 
came" a ■« fcr ih. P-tcin coucin El. a bactenocm tha 
kills bacteria that do not carry this same plasnud The Tol 
^"contains genes forthe degradanon ofto,ue^ and 
me Ti plasroid of Agrobaetenum rumefaciens tames 
genes for tumor initianon in plants. This system ot 
nomenclature has led to some confusmn because 
plasmids carry various genes bcS.des the ones for which 
they were originally named. Also, we have altered many 
of xhese plasmids beyond recognition to make pl»»rmd 
cloning vectors (sec table 4.1) and for other purpoao. 




To avoid further confusion, the naming of plasmids is 
now standardized. Plasmids are given number and letter 
names much Uke bacterial strains. A small V *J 
nlasnud, precedes capital letters that describe the plasmid 
or sometimes give the initials of the person or persons 
who isolated or constructed it. These letters are often 
followed by numbers to identify the particular construct- 
When the plasmid is further altered, a different number is 
assigned to indicate the change. For example, the plasmid 
PBR322 was constructed by Bolivar and Rodrujuei and is 
derivative number 322 of the plasmids tb°y constructed 
dBPJ-'S is P BR322 wim a chloramphenicol resistance 
gcnTmsened. The new number 325 distinguishes this 
plasnud from pBR322- 

Fusctions Encoded by Plasmids 

Depending on their size, plasmids can encode a few or 
hundreds of different prote.ns. However, as mentioned 
above plasmids rarely encode gene products that arc 
always essential for growth, such as RNA polymerase 
ribosomal subumts, or enzymes of the tricarboxylic acid 
cycle. Instead, plasmid genes usually give bacteria a 
selective advantage under only some conditions. 

Table 4 1 lists a few naturally occurring plasmids and 
some traits they encode, as well as the host ,n which they 
were originally found. Gene products encoded by 
plasmids include enzymes for the utilization of unusual 
carbon sources such as toluene, resistance to substances 
such as heavy mewls and antibiotics, synthesis ot 
antibiotics, and synthesis of toxins and proteins that allow 
the successful infection of higher organisms. We can use 
the fact that plasmids generally carry only nonessential 
genes to distinguish them from the chromosome, 
particularly when the plasmid .s almost as large as the 
chromosome. 

If plasnud genes, such as those for aat.b.oiic resistance 
and toxin synthesis, were part of the chromosome, aU 
bacteria of the species, not just the ones with the piasmio, 
would have the benefits of those genes. Consequently, all 
the members of thai spec.es would be more compenuve ,n 
environments where these traits were desirable. So why 
are plasmid genes not s ,mply pan of the chromosome 
M»ybc having some genes on plasmids makes the host 
species able to survive in more environments without tne 
burden of a larger chromosome. Bacteria must be able to 
multiply very quickly under some conditions to obtain a 
selective advantage, and smaller bacterial chromosomes 
can replicate faster than larger ones. Plasmid* encoding 
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different traits can rhen be distributed among different 
members of the population, where they do not burden any 
single bacterium wo heavily. However, if the 
environment abruptly changes s thai the genes carried on 
one of the piasmids become essential, the bacteria that 
csny the plasmid will suddenly have a selective 
advantage and will survive, thereby ensuring survival of 
the species. In this way, plasmid:* allow bacteria to 
occupy a larger variety of ecological niches and 
contribute to the evqlurionary success of not only the 
bacterial species but also the plasroids found in that 
sptcies. 

Plasmid Structure 

Most piasmids are circular with no free ends. All of the 
nucleotides in each strand are joined to another nucleotide 
on each side by covaleru bonds to form continuous 
sxrands that are wrapped around each other. Such DNAS 
are said to he covalcnlly closed circular (CCC). This 
Structure prevents t&e sxrands from separating, and There 
are no ends to rotate, so that the plasm id can be 
supercoilcd. As discussed m chapter 1, in a DNa that is 
supercoilcd, the two strand* are wrapped around each 
other more or less often than once in about 10-5 base 
pairs, as predicted from the Watson-Crick double-helical 
structure of DNA. If they are wrapped around each other 
more often than once every 10-5 base pairs, the DNa is 
positively supercoiled; if they are wrapped around each 
other less often, ihc DNA is negatively supercoilcd. Like 
the chromosome, covalcntly closed circular plasmid 
DNas are usually negatively supercoiled (sec chapter 1), 
Because DNA is stiff, the negative supcrcoiling 
introduces stress, and this stress is parriallN relieved by 
the plasmid wrapping up an itself, as illustrated in Figure 
4 I. in the cell, the DNa wraps around proteins, *hich 
relieves some of the stress The remaining stress 
facilitates some reactions involving the plasmid, such a? 
separation of the two DNA strands for replication or 
transcription 

Properties of Piasmids 
Replication 

To exist free of the chromosome, piasmids must have the 
ability to replicate independently molecules that 

can replicate autonomou&ly in the cell arc called 
replicons. The concept of 4 rcplicon was first proposed in 
a paper by Jacob cr al, in 1963 (see Suggested Reading). 
Piasmids, phage DNA, and rhc chromosomes are all 
rephcons, at least in the same type of cells. 

To be a rcplicon in a particular type of cell, a DNA 
molecule must have at least one origin of replication, or 
ori sice, where replication begins (see chapter 1), In 
addition, the cell must contain the proteins that enable 
replication to initiate at this site, Piasmids encode only a 




Idtoca no superceding 




SuprrCQifcd, covaJenify 
ooseo circular Qma 

flgur* 4-1 Superceding ot 9 walenny closed circular 
piasmia. Apieak in one strand relaxt> \nt PNa eliminating 
me Mipereofttng. 

few of the proteins required for their own replication. In 
fact, many encode only one of the proteins needed for 
initiation at ihe ori site. All of the other required protein*, 
including DNa polymerases, ligascs, primascs, helicases, 
and so on, are borrowed from the host. 

£ach type of plasmid replicates by one of two general 
mechanisms (Figure ^.2), which is determined along with 
other properties* by the genes surrounding the molecule's 
ori (sec the section on the ori region, below). The plasmid 
replic»non origin is named oriV (on vector}. Most of the 
evidence for the mechanisms described below came from 
observations of replicating plasmid DNa with the 
electron microscope- 

THETA REPUCaTION 

Some piasmids begin replication by opening the two 
strands of DNA at the ori region, creating a structure that 
looks like the Greek letter (Micncc the name theta 
replication (Figure 4.2) In this process, an RNa primer 
begins replication, which can proceed in one or both 
directions around the plasmid. In the first case, a single 
replication fork moves around the molecule until it returns 
to the origin and then the two daughter DNAs separate. In 
the other case (bidirectional replication), two replication 
forks move out from the ori region, one m either 
direction, and replication is complete (and the two 
daughter DNAs separate) when the two forks meet 
somewhere on the other side of the molecule. 

The theta mechanism In the most common form of DNa 
replication. U is used not only by most piasmids, 
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Rguns 4*2 Some common jchwn** of pUMn'iO r^pU^ckO. Th* Pfi^m no*)** is desig- 
n^fco aoK (A) urwdirecuooal repetition. JtepLcaiian tarmioitefc Wtan in* rcpjfcawtt tor* 
gcu wot to m* ori^m (W ftflircciiqnad replication. fteptieatfOn terminates wfttn We repli- 
cai»on font* meet joma-ner e on mc PN* molecule oppose lf>c ongm. (Q Batting-circle 
repliuirori. Recreation Iroffi the 3 end 4( a njck OiipJiKO one ot ihc 1*0 *irana>* The cno> 
of tnc tspiKea scrana m rejoirwi ana rne cofnpferrwrir at inc dapiaccd wand is made 
from RNa pnrrm vyninoaed ai unique sHe* . 



including CotEl, Wt2, F, and Pi, but also by the 
chromosome (sec chapter 1 ). 

ROLUN&ORCLE REPLICATION 
In the other type of replication, one strand is nicked at the 
on region and the 3' OH end at the nick serves 95 a printer 
for replication. The displaced strand can then serve as a 
Template to make another double-stranded DNa 
molecule. The term rolling-circle replication describes 
how the template strand can be imagined 10 roll as it 
replicates (Figure 4.2) 

To begin, rolling-circle replication requires a nick in one 
strand of the double -stranded rcphcative form (RF) at the 
ao-ealied plus origin Then replication proceeds around 
the circle, displacing the opposite, or minus, strand. On 
the displaced snrand, replication inmates at specific sites, 
"minu»-»?rand origins." to make another double -stranded 
rcphcative form, if these minus-strand origins do not 
function well in a particular hosr, single minus srrands 
will accumulate, in fact, ihc so-called singjed-strandcd 



plasmids found in some gram-positive bacteria have large 
amounts of single -stranded DNa, apparently as a result of 
defective roJUng-eircJe replication, 

Plasmids that replicate by a rolling-circle mechanism 
include pUPllO and pCl94, isolated from 
Staphylococcus aureus, and pUlOl, isolaic4 from 
Streptomyces lividans. Some types of phage also rephcatc 
by this mechanism (see chapter 7). 

Functions of the ori Region 

In most plasmids, ihe genes for proreins required for 
replication arc located very close to the ori . sequences at 
which they act. Thus, only a very small region 
surrounding the plasmid ori sice i> required for 
replication AS a consequence, the plasm id w\U still 
replicate if most of its DNA is removed, provided The ori 
region remains and the plasmid DNa is srill circular. 
Smaller plasmids are easier to use as cloning vectors, as 
discussed later in the chapter. 
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In addition, the genes in die ori region often determine 
many other properncs of the plasmid. Therefore. any 
DNA molecule with the ori region of a particular plasmid 
will have other charactenstics of that plasmid. The 
following sections describe the major plasmid properties 
determined by the on region, 

HOST RANGE 

The host range of a plasmid includes all the types of 
bacteria in which the plasmid can replicate, and the host 
range is usually determined by the ori region. Some 
plasmids, such as those with on regions of the ColEl 
plasmid type, including pPR322 and pET and pUC, have 
narrow host ranges These plasmids will replicate only in 
E, coli and some other closely related bacteria such as 
Salmonella and Klebsiella species. In contrast, plasmids 
with a proad host range include the RK2 and RSF1010 
plasmids, as well as the rolling-circle plasmids from 
gran>posuive bacteria mentioned above. The host range 
of these plasmids is truly remarkable. Plasmids with the 
ori region of RK2 will replicate in mow types of gr*nv 
negarive bacteria. and RSFlOlO-derived plasmids will 
even replicate in some tyes of gran>positive bacteria. 
Many of the plasmid* isolated from gram-positive 
bacteria also have quite broad host ranges. For example, 
pUBHO, which was first isolated ftom the gram-positive 
S. aureus, will replicate m many other gram-positive 
bacteria, including Bacillus sublilis. However, most 
plasmids isolated from gran>nogarivc bacteria will not 
replicate in gram-positive bacteria and vice versa, which 
reflects the evolutionary divergence of these groups (see 
the introductory chapter). 

It is perhaps surprising that the same plasmid can 
replicate in bacicria which are so distantly related to each 
other. £road-host-range plasmids must encode all of their 
own proteins required for initiation of replication, and so 
they do not have to depend on The host cell for any of 
these functions. They also must be able to express these 
genes in many types of bacteria. Apparently, the 
promoter* and ribosome initiation sites for the replication 
genes of broad-host-range plasmids have evolved so that 
they will be recognized in a wide variety of bacteria. 



REGUIATION OF COPY NUMBER 
Another characteristic of plasmids that is determined 
mostly by their ori region is their copy number, or the 
average number of a particular plasmid per cell. More 
precisely, wc cap define the copy number as the number 
of copies of the plasmid in a newborn ceil immediately 
after cell division. All plasmids must regulate their 
replication; otherwise they would fill up the cell and 
become too great a burden for the host, or their replication 
would not keep up with the cell replication and they 
would be progressively lost during cell division. Some 
plasmids, such a> pIJlOl of Srreptomyces coelicolor, 
replicate enough to populate the cell wuh hundreds of 
copies. However, others, such as the F plasmid of E. coli, 



replicate only once or a few rimes during the cell cycle. 
Table 4.2 lists the copy numbers of these and other 
plasmids. 



Copy rtwrobcre of some ptormfls 



Ptoamid Approximate copy nionfaer 



f 


1 


PI prophage 


1 


PK2 






16 


pocia 




piJIQ) 


40*300 



The regulation mechanisms used by phsmi4s with higher 
copy numbers often differ greatly from that used by 
plasmids wuh lower copy numbers. Plasmids that have 
high copy numbers, such as ColEl plasmids, need only 
have a mechanism chat inhibits the initiation of plasmid 
replication when the number of plasmids in the cell 
reaches » certain level. Consequently, \hc*c molecules are 
called relaxed plasmids. By contrast, low-copy umber 
plasmids such as F must replicate only once or very few 
times during each cell cycle and so must have a tighter 
mechanism for regulating their replication- Hence, these 
are called stringent plasmids. Much more is understood 
about the regulation of replication of relaxed plasmids 
than about the regulation of replication of stnngent 
plasmids. The following paragraphs describe some of the 
better-known examples. 

Mechanisms To Prevent Curing of Plasmids 

Cells that have lost a plasmid during cell division arc said 
to be cured of the plasmid. Several mecnanisms prevent 
curing, including plasmid addiction systems (see Box 4.3 , 
Plasmid Addicnon), site-tfpeeific recornbinases that 
destroy mulrimers, and partitioning systems. 

RSSOUTTJON OF MULTIMEK1C PL aSMIDS 
The possibility of lasmg a plasmid during cell division is 
increased if the plasmids form multimers during 
replication, a multimer consists of individual copies of 
the plasmid molecules linkod to each other. The 
multimers probably occur as a result of defects m 
replication termination or by recombination of monomers. 
The formation of multimers effectively lowers die 
effective copy number because each multimer will 
segregate into the daughter cells as a single plasmid 
Therefore, multimers greatly increase the chance of a 
plasmid being lost during cell division 

To svoid this problem, many plasmids ha«e site-specific 
recombination systems that destroy multimers Those 
systems promote recombination between specific sites on 
the plasmid if the same sue occurs more than once in the 
molecule, as it would in a mulamer. This recombination 
has the effect of resolving multimers into separate 
molecules. 
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The best known example of this mechanise is the cer-Xer 
site-specific recombination system of the CoJEl plasmid 
(sec Guhathakurta ct al., Suggested Reading), The cer site 
is analogous to the dif sue (discussed in chapter I), and 
the same Xcr proteins act on ttos site as act on the dif site 
to resolve the bacterial chromosomes after replication and 
allow them to separate into the daughter cells The Xer 
proteins are site-specific rccombinases because they act 
only on specific sites, the dlf site in the chromosome and 
the cer site in CcJEl plasmids. Wt discuss site-specific 
recombinases in more detail in chapter 8. 

PARTITIONING 

Plasmids also avoid being lost from dividing cells b% 
carrying partitioning systems, *hich ensure at least one 
copy of the plasmid segregates into each daughter cell 
during cell division. The functions involved in these 
systems are called par functions. 

Using combinatorial probability, we can calculate how 
often cells will be cured of a plasmid if the plasmid has no 
par (system. In tho simple example shown m Figure 4.8, 
the copy number of the plasmid is 4, Immediacy after 
cell division, a cell contains four copies, and irnmcdiatclv 
before the cell divides, it contains eight copies. If the 
plasmids are equally divided into the two daughter cells, 
each will get four plwmidi*- However, the plasmid* 
usually will not be equally distributed between ihe two 
daughter cells, and one daughter cell will get more rhan 
the other. In fact, with a certain probability, one cell will 
get all of the plasmids and the other cell will be cured. 
Since each plasmid can go into either one cell or the 



other, the probability that one daughter cell will be cured 
of the plasmid is the same as the probability of tossing 

eight heads (or tails) of a com m a row. Thus, the 
probability that the first plasmid will go into one cell is 
1/2, and the probability that the first two plasmids will go 
into the same cell is 1/2 times 1/2 - 1/4. and so on. The 
probability that all eight will go into one cell is therefore 
(1/2) 8 or 1/256. Since it is irrelevant which of ihc two 
cells is cured, the frequency of curing will be twice this 
value, so 2(l/2) 8 or 1/128 of the cells will be cured each 
time the cells divide. In general, for a plasmid with a copy 
number n, the frequency of curing is 2(l/2) 2i \ since the 
number of plasmids at the time of division is twice the 
copy number. Also, as the cells divide once every 
generation tune, the frequency of cured colls in the 
population will be roughly equal to the number of 
generation times that have elapsed tinio d»tf number. 
This is the frequency of curing if the sorting of the 
plasmids into daughter cells is completely random- 
Thcreforc, if the fraction of the cells that arc cured of the 
plasmid is less than 2(l/2) 2h times the number of 
generation times that have elapsed, the plasmid must have 
some son of partitioning function. 

This calculation indicates that few cells would be cured of 
a high-copy-number plasmid each generation, even 
without a partitioning mechanism. However, a sigoificanr 
fraction of cells would be cured of a low-copy-number 
pUsmid each generation. In fact, with a plasmid with a 
copy number of only 1, such as F or PI, 2(l/2) 2 or 1/2 of 
the cells would be cured each generation. Since cells arc 
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seldom cured of even low-copy-number plasmids, some 
mechanism must ensure that plasmids. especially those 
with low copy numbers, will be partitioned faithfully into 
the daughter cells each lime the cell divides 

The par Functions 

Some plasmids, including F, PI, and Ri. have short 
regions that tare known id enhance proper partitioning. If 
such a region is removed from the plasmid, the frequency 
of curing will be much higher, close to that predicted 
above. The partitioning system of the PI plasmid has been 
studied most extensjvtly. The Pi plasmid par region 
consists of a cis -acting par sequence and ihc genes for t*o 
proteins, ParA and ParB, one of which binds to the par 
sue. 

Mechanism of Partitioning 

Figure 4 9 shows two general ideas for how par sites 
might ensure proper partitioning of a plasmid (see Austin 
and Nordstrom, Suggested Reading). According to these 
models, the oactenal membrane junctions like the mitotic 
spindle m cuka/votic organisms, pulling plasmids apart 
prior to cc]l division According to both models, the par 
site is the region of the plasmid lhat binds to the cellular 
membrane, and as the membrane grows during cell 
division, the two copies of the plasmid are pulled apart 
into the two daughter cells. The two models differ in 
explaining how binding to the membrane ensures thai at 
least one copy of the plasmid enters each daughter cell at 
che rime of division. 

According to the model shown in Figure 4.9A. the par 
sites bind to putative site> on the bacterial membrane. In 
the model, each type of plasmid has its own unique site on 
the membrane, as the cell grows, these sites will 
duplicate and bind only one copy of the plasmid. Because 
thc&e sites on the membrane move apart as the cell grows 
and divides, one copy of the plasmid will be distributed 
into each of the daughter cells. Even if there are more 
copies of the plasmid and these arc randomly distribuicd 
during division, the cell will not bo cured provided that at 
least one copy of the plasmid is bound to the membrane 
of each daughter cell/That single copy can then multiply 
many times before the next division. 

The problem with this model is the required number of 
unique sites on the membrane-one for each type of 
plasmid. It seems unlikely that there would be as many 
unique sites on the membrane as there are different types 
of plasmids wilh partitioning sites. 

Model A remains tenable yet avoids the requirement tor 
unique membrane sites if we propose that the sites to 
which the plasmids bind are on the chromosome rather 
than the membrane. Because of the complexity of 
sequence in the chromosome, an almost infinite number 
of unique sites >s possible, and these sites will double 
each rime the chromosome replicates. The only unique 
site on the membrane need be the site to which the 
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chromosome binds, and the plasmid will partition along 
with the chromosome. 

Model B is similar but avoids the umquc^itc problem 
altogether. In thi* model, two copies of the plasmid must 
pair with each other at their par sues before the compound 
par site can bind to the membrane Then the two plasmids 
separate as the site on the membrane is pulled apart when 
the cell divides. One copy of the plasmid will pamtion 
properly into each of the daughter cells provided that two 
plasmids will not pair with each other unless they have 
the same par site and that on]% paired par sites will bind 
to the membrane. 
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Plasmid Genetics 

Methods lor Delecting and Isolating Ptasmids 

circularity of ihcsc molecules. 

SETS? S^tSSn. or denaturation, of the ON a 
S£SL creasing the «k «-«^«3t 
efcomosomal DNA, which very large and bound to 
proteins, to precipitate. 



n«. Telanvelv smaU plasmids do not precipitate readily at 

Because plasmid* *** cov«wu*y ■ 

strSds cannot completely separate »f the ON a j> 

DNA strand. «> qwcMy fin* complementary 
° N q ?encT»d reniure » fen. ^uble-stranded ONA 
on« the denaturing conditions are "m^J^ 
Zmosome, in contrast, will "^^iSJ 
areolar, the chromosome is so large that « is USUaUy 
S n at early stages of purification procedures »o that 
L strands separate m the presence of a denaturant. Al»o. 
£aTt chromosome is so large, the ««*»<™* 
fences take hours to renamrc once they have been 

denatured. 

Csa-EtBtFUfUFICATlON 

Uher methods for purifying plasmids are * 
fact that covaiently closed circulw chromsumcs bind less 
bromide (EtBr) do linear or 
fFl0ure 4 u). EtBr intercalates (inserts itselt) 

ie r*o strands of the DNa around ea ch whtr-Thc two 
\». „f rho covalentlv closed circular plasmid are not 
Ci££ of EtBr therefore mcreases 

ST» on *c DNA until no more EtBr can bmiln 
comU because the strands of the chromosomal DNA 
S£ usually been broken during * 
nunficaiion procedure, they arc free to rotate ano 
ZmoBornalDNA can Wad much higher concentnmons 
of EtBr. 

ETflt bound to DNA makes « less dense in salt ^solutions 
made with heavy atoms such as cesvm cbjonde (CsCl)_ 

C CI and EtBr and .entrifuged to establish a 
C sC concentmtion, <he covaiently *««J™*£ 
plasmid DNas will band lower, at a po*non where the 
solution is more dense (see Figure 4.12). 

That have many copies per cell and are no, ,00 large. 

However large, low-copy-number plasmids we much 
2E£ta3?» detect, and other be use J. 

L Wg c plasmids are much more susceptible to breakage 
X are .mailer plaids. Consequent 
mocedures mus. be gentle. Also, like chromosomes, large 
£2i *m precise at high salt concentrations M»d 
will nor renarurc spontaneously after the ha-e 
separated- 

Most methods for detecting large 

seoarating them from *e chromosome direttiy ey 

eU™oresis on agarose gels. In the example 

SSe 4 U me ceUs were broken open directly on the 

2K. S » avoid breaking the V^™> ^ 

alplication of an eleemc field causeo rhe DNA » 
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miamie or run, along the gel. After electrophoresis, the 
wit* E.Br, andUV 'U*.* 
sUone on the gel to reveal the position of the DNA, EtBr 

wdl fluoresce if it absorbs UV light *hen bound to DNA. 
Tne plasmid, because of its unique si2e, makes a band on 
die $ that is distinct from that due to chromosomal 
DNA. 

PULSED-FTELD GEL ELECTROPHORESIS 
Standard agarose gels cannot be used to separate tap 
DNAs Note that in Figure 4-13 the chromosomal DNa> 
form one band, even though *e S e molecules have been 
broken into many piece* of different lengths. Also, 
although the plasmid is smaller, it runs more slowly 
few's a shorter d.staace) than the chromosome on the 
nel The reason for this anomalous behavior is thai as 
long, linear molecules move through the gel, they tend to 
orient themselves in the direction they are 8°wg. They 
will then move taster and all at the same rate mdependent 

of Acir leg*. If a P>=" of DNA U * owr ; ? "T % 
the plasmid, it wm not orient .tself as readily and will 

travel a shorter distance. 

Methods such as P^P' eto ^2 
have been devised to allow the separation ot long pieces 
of DNa based on size These methods depend on periodic 
changes in the direction- of the electric 

field The molecules will attempt to reorient themselves 
ich time the field sh,fte, and the longer molecules »,U 
reonent ihemselvc, more slowly than the Sorter ones and 
s0 will move more slowly Such methods have aUo»ed 
the separation of DNa molecules hundreds ot thousands 
of W pairs long and the detection of very large 
plBsmios. We discuss them in more detail in chapter 16- 

Plasmid Cloning Vectors 

A don.ng vector u an autonomously replicating DNA 
m«o which other DNAs can be inserted. Any DNA 
inserted into the cloning vector will then replicate 
passively with the vector, so that many ' copies of the 
original piece of DNa can be obtained. Cloning vectors 
can be made from essentially any DNA that can replicate 
autonomously m cells. 

Plasmids offer many advantages as cloning vectors. They 
generally do not kill the cell and are relatively easy to 
purify to obtain the cloned DNA They can also be made 
relatively small, because they need very tew plasnud- 
encoded functions for their replication. As a result 
plasmids are particularly popular tools in some types of 
clotung applications, to fact, m one of the first DNa 
cloning experiments, a frog gene was cloned into pl,sn»d 
pSClOl. The replication origins and copy numbers tor 
several E. coli plasmid vectors are given in Table 4.3. 
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Desirable Features of Plasmid Cloning Vectors 

Most naturally occurring plasmids are not convenient 
cloning vectors. However, plasmids can often be 
-engineered" xo make a cloning vector. To be useful as a 
clomng vector, a plasmid should have at least some ot the 
following properties 

1 Ix should be small, so tnar it can bo easily 
isolated and introduced into various bacteria. 

2 It should have a relatively high copy number. 00 
that it can be easily purified in sufficient 
quantities. 

3 U should carry an easily selectable trait such as a 
gene conferring resistance to an antibiotic, wnicn 
can be used to select cells chat contain the 
plasmid, 

4 It should have one or a few sites for restriction 
endunucleases, which cut DNa and allow the 
insertion of foreign DNas. Also, these sites 
should ideally occur in selectable genes to 
facilitate the detection of plasmids that have 
foreign DNA inserts by a process called 
insertional inaetivation- 

Many plastmd cloning vectors have other special 
properties that aid in particular experiments. For example, 
some contain The sequences recognized by phage 
packaging systems ( P ac or cos sites), so that they can be 
packaged inio phage heads (see chapter 7). Expression 
vectors can be used to make foreign proteins in bacteria 
Mobilizable plasmids have mobilisation (mob) sites and 
so can be transferred by conjugation to other cells (see 
chapter 5). Some proad-hosronge vectors have on 
regions that allow them 10 replicate in many types of 
bacteria or even in organisms from different kingdoms 
Shuttle vectors contain more than one type of replication 
origin and so can replicate in anrclated organisms. 

CLONING VECTOR pB*322 

Figure 4,16 shows a map of pBR322, which embodies 
many of the desirable traits of a cloning vector This 
plasmid is fairly small (only 4.360 bp) and has a relatively 
high copy number (-16 copies per cell), making u easy to 
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Figure 4.16 The piasm*<3 ctonjng vector pBH)22. Unique 
roir»ciion sites am highlighted , Anip\ amp.ciffin resotance; 
Ter. tetracycline resistance. 

isolate The vector was constructed by removing all but 
the essential on region from pMBl, a CoLBl-likc plasmid. 
and adding resistance gong* for the antibiotics 
tetracycline and ampicillin, which were taken from 
plasmid pSClOl and transposon Tn3, respectively. The 
plasmid also has several unique sites for restriction 
cnJonucleases, including BarnHi, BcpRI, and Pstl. These 
enzymes cut ONA at specific sites, allowing a piece of 
foreign DNA to be inserted into the plasmid and then 
studied. 

Ordinarily in cloning experiments, most of the cloning 
vectors will not ha*e picked up another piece of DNa and 
will remain unchanged. Some way is needed to detect 
cells that have received the vector With a piece of DNA 
inserted. Insemonal inactivation otters a simple generic 
rest for determining wheihcr a cell contains a plasmid 
with a foreign ONA insert. In this technique, a gene is 
inactivated by having a piece of DNa inserted into u. To 
illustrate, Figure 4.17 shows a piece of foreign DNA 
inserted inro the Bamril site in the tetracycline resistance 
(ler") gene in pB&322 The piece of foreign DNA in the 
BaroHl sire will disrupt the Tetr gene and cause the 
plasmid to lose the ability to confer tciracycline resistance 
on a bacterium that carries it- The plasmid will still confer 
ampicillin resistance, however, since the Amp' gene 
remains intact. Therefore, cells containing a plasmid with 
a foreign DNa insert will be ampicillin resistant bur 
teiracycljne sensitive, which it> easy to rest on agar plates 
containing one or the orhcT antibiotic. 

Broad-Host Range Cloning Vectors 



range plasmids KSF1010 and which will replicate m 
most gram-negative bacteria. In addition, to ihe broad- 
host-range on region, these cloning 'Vectors sometimes 
contain a mob site called an oriT site, which can all w 
them to be transferred into other bacteria (see chapter 5). 
This latter trait is very useful, because other ways of 
introducing DNa have not been developed for many 
types of bacteria. 

SHUTTLE VECTORS 

Sometimes, a plasmid cloning vector from one organism 
muse be transferred into another organism. If the two 
organisms are not related, the same plasmid on region is 
not likely to function in both organisms. Such situations 
require the use of shuttle vectors, so named because they 
can be used to "shuttle" genes between the two orgaro>ms. 
A shuttle vecror has rwo origins of replication, one that 
functions in each organism. Shuttle vectors; also must 
contain selectable genes that can be expressed in both 
organisms. 

In most cases, one of the organisms in which the shuttle 
vector ct*n replicate is E, coU, The generic tests can be 
performed in the other organism, but the plasmid can be 
purified and otherwise manipulated by the refined 
methods developed for E, coJi. 

Some shuttle vectors can replicate in gram-positive 
bacteria and £. co]j T whereas others can be used m lower 
or even higher eufcaryotcs. For example, plasmid YEpU 
(Figure 4.18) has roe replication origin of the 2um circle, 
a plasmid found in ihe yeast Saccbaromyces cerevisiae, so 
it will replicate in S. ccrcvwiac. Ir also has the pBJU22 on 
region and so will replicate in £. coli. In addition, the 
plasmid contains the yeast gene t£U2 as well as Ampr, 
which confers ampicillin resistance in E. coli. Similar 
shuttle vectors that can replicate in mammalian cells and 
E. coli have been constructed- Some of these plasmids 
have the replication origin of the animal virus simian 
virus 40 and the ColEl origin of replication 



Many of the common E. coli cloning vectors such as 
pBR322, the pUC plasmids, and the pET plasmids have 
been constructed with the pMBl ori region and thus are 
very narrow in their host range. They will replicate only 
in E. coh and a few of its close relatives. However, some 
cloning applications require a plasmid cloning vector that 
will replicate in other gram-negative bacteria, and so 
cloning vectors have been derived from the broadhostr 
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Box 4.2: Plasmids and Bacterial 
Pathogenesis 

Plasmids often curry virulence genes required for 
bacteria] pathogenicity. For example, to be pathogenic, 
strains of the genus Shigelto must carry a large plasmid 
longer than 200 kb that contains genes for cell invasion 
and cell adhesion. Interestingly, the genes for regulating 
the virulence genes on the plasmids are in the 
chromosome rather than in the placid. The genes for the 
Shiga toxin are also in the chromosome. The Shiga toxin 
is related structurally to the diphtheria toxin but has anN* 
glycosylase acriviry that removes a specific adenine base 
in the 2SS rRNA, thus blocking translation. This 
distribution of virulence genes berween the plasmid and 
the chromosome in strains of Shigella demonstrates the 
close relationship between plasmids and their hoses. 

Most strains of Salmonella also require a large plasmid 
for their pathogenicity. However, the precise virulence 
genes thai are earned on the p Us mid are not known, and 
Salmonella typhi does nor require a plasmid io cause 
typhoid fever. 

One of the dearest examples of plasmid virulence genes 
is m the genus yersinia, The three species of Yersinia. Y, 
enterocolitis. Y pseudotuberculosis, and Y pestis, all 
cause disease, ranging in severity from mild enteritis in 
the case of /, enwocohxica and Y pseudotuberculosis to 
bubonic plague in the case of Y pestfs. To be pathogenic, 
all three species must harbor closely related plasmids that 
a** about 70 kb long. 

These plasmids encode outer membrane proteins called 
yops, which may help the bacteria avoid host 
phagocytosis. The Yops are synthesized only under 
conditions of limiting calcium ions and high 
concentrations of sodium ions - conditions that may 
mimic the environment inside euJcaryotjc cells. The 
"plague bacillus/' Y. pesvs, must also carry two other 
smaller plasmids to cause disease. One of these encodes a 
toxin and an antiphagocytic protein similar to Yops T and 
the other encodes a protease that increases invasiveness, 
Y. pestu also has an iron-scavenging system ihat allows it 
w ercract iron directly from hemm. The ion-sc avenging 
system is encoded by a large, normally nonessential, 
chromosomal element that might be an integrated plasmid 
or prophage. Why so many genes required for 
pathogenesis are carried on plasmids and other DNA 
element* ip a subject of speculation- 
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